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学 位 論 文 内 容 の 要 旨 
 
Ocean covers a large of the earth, which is relatively less explored. Until recently, to 
discover the secret in the depth of the sea seems impossible. Furthermore, ocean 
exploratory activities involving manned underwater vehicle exposed the operator to 
extreme conditions which may be dangerous such as underwater pressure, visual 
visibility and oxygen supply problems. These problems have been resolved by 
underwater vehicle involving robotic manipulator technology. 
Underwater vehicles have been heavily involved in various underwater activities 
especially related to intervention tasks. Many of these robots utilized master-slave 
system where human operators remotely controlling the motions of underwater vehicles 
and robotic manipulators using controllers from the surface. Since the technology of 
fully autonomous underwater vehicles for intervention tasks are still in research and 
developing stages, master-slave control of underwater robots are still the most relevant 
today. 
In this dissertation, first, a control method for dual-arm underwater robot is proposed, 
and the effectiveness of the proposed control method is demonstrated using an 
experimental 2-link dual-arm UVMS and 3-link dual-arm UVMS that are developed in 
this work. Currently, there are no control methods for underwater robot with multiple 
manipulators that have been proposed. Moreover, many studies related to the control of 
underwater robot with single manipulator utilized simulations to show the effectiveness 
of their methods. 
In addition, a master-slave system for a semi-autonomous control method of an 
underwater robot is proposed. The uniqueness of the system is a newly developed 
master controller that enables a single operator to remotely control the motions of a 
semi-AUV and dual-arm by using his/her both hands. The usefulness of the master 
controller is demonstrated through experiments. 
The dissertation is organized as follows: 
In Chapter 1, the research background, significant of the work, related literature 
review and structure of the dissertation are described. 
Chapter 2 describes a Resolved Acceleration Control (RAC) method for multiple arm 
Underwater Vehicle-Manipulator System (UVMS). The kinematic equation for the 
UVMS is described. Additionally, the momentum equation consisting of linear and 
rotational momentum of the UVMS considering hydrodynamic added mass and added 
inertia moment acting on the UVMS is explained. Moreover, hydrodynamic drag forces, 
drag moment and buoyant forces acting on the UVMS are derived. Then, the dynamic 
equation to obtain the desired motion of the UVMS is described. Finally, the proposed 
RAC method for a precise control of manipulator's end-tips is introduced. 
In Chapter 3, as a first step to demonstrate the effectiveness of the proposed method 
described in Chapter 2, a RAC method for a 2-link planar dual-arm UVMS is developed. 
An experimental system containing an actual full-AUV equipped with 2-link planar 
dual-arm is explained. The detail structure and circuitry design of the 2-link planar arm 
that utilizes servo magnetic coupling mechanism in the joint design is described. Finally, 
the experimental results showing the effectiveness of the proposed method are 
presented and discussed in detail. 
Chapter 4 presents the experimental results that further demonstrate the 
effectiveness of the RAC method. In Chapter 3, the proposed RAC method can only 
control the end-tips in a 2-dimensional space only. In this chapter, 3-link dual-arm for 
UVMS that can move in 3-dimensional space are developed and presented. Furthermore, 
a RAC method for a 3-link dual-arm UVMS is proposed. Then, experimental results 
showing the effectiveness and usefulness of the proposed RAC method in controlling the 
positions of both arm's end-tips in 3-dimensional space are reported and discussed. 
In Chapter 5, a simple and intuitive master controller for an experimental semi-AUV 
equipped with 3-link dual-arm is introduced. The uniqueness of the system is a newly 
developed master controller that enables a single operator to remotely control the 
motions of a semi-AUV and dual-arm by using his/her both hands. Experimental results 
on controlling an actual dual-arm underwater robot to catch a target object in 
underwater environment using the proposed master controller are presented and 
discussed. 
Chapter 6 summarized the whole dissertation and describes recommendations for 
future research. 
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 第 1章では、腕を持つ水中ロボットの現状と本論文の目的を明らかにしている。 
 第 2 章では、既に提案されている 1 本の腕を持つ AUV の協調制御法を包含する、双腕
AUVの制御法を提案している。 
 第 3章と第 4 章では、第 2 章の提案制御法の有用性を実験により検証することを目的と
して、マグネットカップリングによる水密関節を装備した 2リンク双腕 AUVと、単腕でも







 第 6章では、最後に、本研究の成果を結論として要約している。 
 以上、本論文では、双腕水中ロボットに対する初の自律型および半自律型制御法を提案
するとともに、実験により有用性を明らかにしており、海洋工学・ロボット工学への貢献




した結果、本論文が博士 (工学) の学位に十分に値するものであると判断した。 
